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DOWHUQDWLYH RI FRQYHQWLRQDO PDFKLQLQJ RSHUDWLRQV $OVR LW LV D IDFW WKDW EHFDXVH RI WKH PDQ\ YDULDEOHV DQG WKH
















/LDR HWDO XVHGVSHFLILFGLVFKDUJHHQHUJ\6'(FRQFHSWLQ:('0([SHULPHQWDOUHVXOWVUHYHDOHGWKDW WKH
UHODWLYHUHODWLRQVKLSRI6'(EHWZHHQGLIIHUHQWPDWHULDOVLVLQYDULDQWDVORQJDVDOOPDWHULDOVDUHPDFKLQHGXQGHUWKH
VDPHPDFKLQLQJFRQGLWLRQV <DQ HWDO FRQGXFWHGWKHLUZRUNRQ$O2$OFRPSRVLWHVLQWKHH[SHULPHQW
0DFKLQLQJSDUDPHWHUVRISXOVHRQWLPHZHUHFKDQJHGWRH[SORUHWKHLUHIIHFWVRQPDFKLQLQJSHUIRUPDQFHLQFOXGLQJ
WKHFXWWLQJVSHHGWKHZLGWKRIVOLWDQGVXUIDFHURXJKQHVV,WLVUHYHDOHGWKDWDYHU\ORZZLUHWHQVLRQDKLJKIOXVKLQJ







FXWWLQJ RI PLQLPXP FURVV VHFWLRQ WKLFNQHVV $ K\SRWKHVLV ZDV SURSRVHG EDVHG RQ WKH FRPELQHG WKHUPDO DQG
HOHFWURVWDWLFIRUFHWRFDXVHWKHIUDFWXUHRIWKLQVHFWLRQGXULQJZLUH('07KLVZDVVXSSRUWHGE\ILQGLQJVIURP6(0
PLFURJUDSKVRI ('0VXUIDFH VXEVXUIDFHDQGGHEULV6DUNDUHWDO SHUIRUPHGH[SHULPHQWV XVLQJ ȖWLWDQLXP
DOXPLQLGH DOOR\ DVZRUNPDWHULDO DQG WKHQ IRUPXODWHGPDWKHPDWLFDOPRGHOV WR SUHGLFW WKH FXWWLQJ VSHHG VXUIDFH
ILQLVK DQG GLPHQVLRQDO GHYLDWLRQ DV WKH IXQFWLRQ RI GLIIHUHQW FRQWURO SDUDPHWHUV 7KH\ GHWHUPLQHG WKH RSWLPDO
SURFHVV SDUDPHWHUV E\ DSSO\LQJ FRQVWUDLQHG RSWLPL]DWLRQ WHFKQLTXH LQ ZKLFK RQH SHUIRUPDQFH FKDUDFWHULVWLF ZDV
RSWLPL]HG FRQVLGHULQJ RWKHUV DV FRQVWUDLQWV $PLQROODK HW DO  XVHG F\OLQGULFDO IRUPV RI KDUG WR PDFKLQH
PDWHULDOV IRU WKHLU H[SHULPHQW$W ILUVW WKH\ GHVLJQHG D SUHFLVH IOH[LEOH DQG FRUURVLRQ UHVLVWDQW URWDU\ VSLQGOH WR
URWDWHWKHZRUNSLHFHWRJHQHUDWHIUHHIRUPF\OLQGULFDOJHRPHWULHV,W ZDVIRXQG WKDW SRZHUYROWDJHDQGVHUYR ZHUH
WKHPRVW VLJQLILFDQW SDUDPHWHUV DPRQJ WKHLU VHOHFWHGRQHV 5DPDNULVKQDQ HW DO GHYHORSHG DUWLILFLDO QHXUDO
QHWZRUN$11PRGHOVDQGPXOWLUHVSRQVHRSWLPL]DWLRQWHFKQLTXHWRSUHGLFWDQGVHOHFWWKHEHVWFXWWLQJSDUDPHWHUV
RIZLUH HOHFWURGLVFKDUJHPDFKLQLQJ :('0SURFHVV 7KH HIILFLHQF\ RIZLUH HOHFWULFDO GLVFKDUJHPDFKLQLQJ RI
KDUG WRPDFKLQH PDWHULDOV ZDV LQYHVWLJDWHG H[SHULPHQWDOO\ E\ 'DUULXV3RURV HWDO,Q KLV H[SHULPHQW
WLWDQLXPDOOR\VDQGFHPHQWHGFDUELGHZHUHPDFKLQHG9LQRG .XPDU HWDO LQYHVWLJDWHGWKHHIIHFWVRI:('0
SDUDPHWHUV RQ PDFKLQDELOLW\ RI QLPRQLF%DVHG RQ WKH H[SHULPHQWDWLRQ:('0 SDUDPHWHUV QDPHO\ GLVFKDUJH
FXUUHQWSXOVHRQWLPHDQGSXOVHRIIWLPHSURGXFHG KLJKO\QRWLFHDEOHHIIHFWVRQFXWWLQJVSHHG %KDVNDUD 5HGG\ HWDO
 FRQGXFWHG H[SHULPHQWV RQZLUH('0FRQVLGHULQJ WZR GLIIHUHQWPDWHULDOV IRU VDPH SDUDPHWULF YDOXHV DQG
FRPSDUHGWKHSHUIRUPDQFHFKDUDFWHULVWLFVLQWHUPVRI055DQG6XUIDFHURXJKQHVV3DUDPHWHUVVHOHFWHG ZHUH SXOVH
RQ WLPHSXOVHRII WLPH EHGVSHHGDQGFXUUHQWDQGIRXQG WKDWPDMRU LQIOXHQFLQJ IDFWRU ZDVFXUUHQW%DVHGRQ WKH
UHVXOWV LW ZDV UHFRPPHQGHG WKDW WKH (1  PDWHULDO VXLWDEOH IRU EHWWHU 055 7KHQ WKH 66  PDWHULDO ZDV
UHFRPPHQGHG WR REWDLQ EHWWHU VXUIDFH %DVLO HW DO  FRQGXFWHG H[SHULPHQWV LQ O (OHFWURQLF XOWUDFXW 6
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PDFKLQHXVLQJPPEUDVVZLUHDVHOHFWURGH3XOVHRQWLPHSXOVHRIIWLPHYROWDJHDQGZDWHUSUHVVXUH ZHUHWKH





IHHGWREHYDULHGLQWKUHHGLIIHUHQWOHYHOV*UH\UHODWLRQDODQDO\VLV ZDV FDUULHGRXWDQGIRXQG SXOVHRQWLPH ZDV WKH
PDMRULQIOXHQFLQJIDFWRUIRU055VXUIDFHURXJKQHVVDQGVSDUNJDS5RKLW *DUJ HWDO FRQGXFWHGH[SHULPHQW
RQ+KRWGLHVWHHOSODWHDQGIRXQGRXWWKHLQIOXHQFLQJSDUDPHWHUVIRUUHVSRQVHVE\XVLQJXWLOLW\FRQFHSW5HVXOWV
UHYHDOHG WKDWSXOVHRQ WLPH SXOVHRII WLPHDQGSHDNFXUUHQW ZHUH WKH VLJQLILFDQWSDUDPHWHUV .DQVDO HWDO 
LQYHVWLJDWHGLQIOXHQFHRI('0SDUDPHWHUVVXFKDVFRQFHQWUDWLRQRIVLOLFRQSRZGHULQGLHOHFWULFIOXLGSHDNFXUUHQW
SXOVH GXUDWLRQ DQGGXW\ F\FOHXVLQJ6.+ WRRO VWHHO DV ZRUNSLHFH 7KH\XVHGXWLOLW\ DSSURDFK WR ILQGRXW WKH
LQIOXHQFHRISDUDPHWHUVRQPDFKLQLQJUDWHVXUIDFHURXJKQHVVDQGWRROZHDUUDWLR7KHREWDLQHGH[SHULPHQWDOUHVXOWV
LQGLFDWH WKDW SHDN FXUUHQW DQG FRQFHQWUDWLRQ RI VLOLFRQ SRZGHU LQ GLHOHFWULF IOXLG DUH PRVW VLJQLILFDQW
IDFWRUV&KDOLVJDRQNDU HWDO  SHUIRUPHG PXOWL UHVSRQVH RSWLPL]DWLRQ XVLQJ XWLOLW\ DSSURDFK IRU ERWK FXWWLQJ







PDFKLQLQJ SDUWV RI KDUG PDWHULDOV ZLWK FRPSOH[ VKDSHV 3DUWV KDYLQJ VKDUS HGJHV WKDW SRVH GLIILFXOWLHV WR EH
PDFKLQHGE\WKHPDLQVWUHDPPDFKLQLQJSURFHVVFDQEHHDVLO\PDFKLQHGE\:('0SURFHVV7KH$,6,PDWHULDO
RIPP[PP[PPVL]HKDVEHHQXVHGDVDZRUNSLHFHPDWHULDOIRUWKHSUHVHQWH[SHULPHQWV7KH VHOHFWLRQ
RI WKH $,6,  VWDLQOHVV VWHHO ZDV PDGH WDNLQJ LQWR DFFRXQW LWV XVH LQ DOPRVW DOO LQGXVWULDO DSSOLFDWLRQV IRU
DSSUR[LPDWHO\RIWKHZRUOG¶VVWDLQOHVVVWHHOSURGXFWLRQDQGFRQVXPSWLRQ,WKDVZLGHUDQJHRIDSSOLFDWLRQVLQ
WKHDUHDRIZLUH('0 ,WKDVYDULHGSUDFWLFDODSSOLFDWLRQV LQ WKHPDQXIDFWXULQJ RI FRPSRQHQWV XVHG LQFU\RJHQLF
YHVVHOVHYDSRUDWRUVKRVSLWDO VXUJLFDOHTXLSPHQWPDULQHHTXLSPHQW IDVWHQHUVQXFOHDUYHVVHOV IHHGZDWHU WXELQJ
YDOYHVUHIULJHUDWLRQHTXLSPHQW HWF7KHFKHPLFDOFRPSRVLWLRQRI WKLVPDWHULDO$,6,LVJLYHQLQ7DEOH7KH
:('0 H[SHULPHQWV ZHUH FRQGXFWHG LQ (OHFWURQLFD XOWUD FXW 6 PDFKLQH RI (OHFWURQLFD 0DFKLQH 7RROV /WG
LQVWDOOHGDW.HOWURQ7RRO URRP5HVHDUFKDQG 7UDLQLQJFHQWUH$URRU.HUDODXVLQJPPEUDVVZLUHDV WKH WRRO
HOHFWURGHDQGGHLRQL]HGZDWHUDVGLHOHFWULFIOXLG3XOVHRQWLPHSXOVHRII WLPH6HUYRYROWDJHGLHOHFWULFSUHVVXUH
ZLUH IHHG DQG ZLUH WHQVLRQ ZHUH WKH VL[ :('0 SDUDPHWHUV VHOHFWHG IRU LQYHVWLJDWLRQV $OO RWKHU PDFKLQH
SDUDPHWHUVZHUHNHSWFRQVWDQWGXULQJWKHWLPHRIH[SHULPHQW &XWWLQJ UDWH ZDV GLJLWDOO\GLVSOD\HGRQWKHVFUHHQRI
WKHPDFKLQHDQGLVJLYHQTXDQWLWDWLYHO\LQPPPLQXWH WKHVXUIDFHURXJKQHVVZDVPHDVXUHGE\0LWXWR\R 6XUIWHVW6-
37KH VSHFLPHQ FURVVVHFWLRQ LV PHDVXUHG ZLWK WKH KHOS RI D0LWXWR\R¶V GLJLWDO PLFURPHWHU KDYLQJ WKH OHDVW
FRXQWRIPPDQGWKHGHYLDWLRQRIWKHPHDVXUHGGLPHQVLRQ ZDV FDOFXODWHGLQSHUFHQWDJHXVLQJWKHIROORZLQJ
H[SUHVVLRQ




















&RQWHQW        %DODQFH
1866   Bijo Mathew et al. /  Procedia Materials Science  5 ( 2014 )  1863 – 1872 
 3DUDPHWHUVDQG 'HVLJQRIH[SHULPHQWV
7DJXFKLPHWKRG ZDV DSSOLHGWRSODQWKHH[SHULPHQWV*DGDNK96 )RUWKHSUHVHQWH[SHULPHQWDOZRUNWKH
VL[ SURFHVVSDUDPHWHUVHDFKDWWKUHHOHYHOVKDYHEHHQGHFLGHG,WLVGHVLUDEOHWRKDYHWKUHHPLQLPXPOHYHOVRI
SURFHVVSDUDPHWHUVWRUHIOHFWWKHWUXHEHKDYLRXURIRXWSXWSDUDPHWHUVRIVWXG\7KH SURFHVVSDUDPHWHUVDQGWKHOHYHOV
VHOHFWHGIRUWKLVLVOLVWHGLQ WDEOH 7KHH[SHULPHQWDOGHVLJQZDVDFFRUGLQJWRDQ/ DUUD\EDVHGRQ7DJXFKLPHWKRG
7DEOH0LQLWDEVRIWZDUHZDVXVHGIRU7DJXFKLDQDO\VLV
7DEOH,QSXW3DUDPHWHUVDQG/HYHOV
3DUDPHWHU 6\PERO /HYHO /HYHO /HYHO
0DFKLQHXQLW $FWXDOYDOXH 0DFKLQHXQLW $FWXDOYDOXH 0DFKLQHXQLW $FWXDOYDOXH
3XOVHRQ7LPH ȝV $      
3XOVHRIIWLPH ȝV %      
6HUYRYROWDJH9 &      
3UHVVXUH.JFP '      
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 7DJXFKLRSWLPL]DWLRQPHWKRG
7DJXFKL¶V PHWKRG ZDV DSSOLHG WR LGHQWLI\ WKH RSWLPXP OHYHOV RI SURFHVV SDUDPHWHUV IRU HDFK SHUIRUPDQFH




YDOXH 61UDWLRV ZHUHGHWHUPLQHG IRUPDWHULDOUHPRYDOUDWH ODUJHU LV WKH EHWWHUFULWHULRQ E\XVLQJ HTXDWLRQ IRU
VXUIDFHURXJKQHVVDQGGLPHQVLRQDOGHYLDWLRQWKH ±VPDOOHU LV WKH EHWWHUFULWHULRQ E\XVLQJ HTXDWLRQ
ൌ െ   
ൌ െ   
 7KH8WLOLW\FRQFHSW
$FXVWRPHU HYDOXDWHV D SURGXFW RQ D QXPEHU RI GLYHUVH TXDOLW\ FKDUDFWHULVWLFV 7R EH DEOH WRPDNH D UDWLRQDO
FKRLFH WKHVH HYDOXDWLRQV RQ GLIIHUHQW FKDUDFWHULVWLFV VKRXOG EH FRPELQHG WR JLYH D FRPSRVLWH LQGH[ 6XFK D
FRPSRVLWHLQGH[UHSUHVHQWVWKHXWLOLW\ RID SURGXFW 7KH RYHUDOOXWLOLW\RIDSURGXFWLVWKHVXPRIXWLOLWLHVRIHDFKRI
WKHTXDOLW\FKDUDFWHULVWLFV
7KXVLI [L LV WKHPHDVXUHRIHIIHFWLYHQHVVRIWKHDWWULEXWHFKDUDFWHULVWLF L DQGWKHUHDUH Q DWWULEXWHVHYDOXDWLQJWKH
RXWFRPHVSDFHWKHQWKHMRLQWXWLOLW\IXQFWLRQFDQEHH[SUHVVHGDV
ሺ ǡ ǡ Ǥ Ǥ Ǥ ǡ ሻ ൌ ሾ ሺ ሻǡ ሺ ሻǡ Ǥ Ǥ Ǥ ǡ ሺ ሻሿ 
,QOLQHDUFDVHWKHIXQFWLRQEHFRPHV
ሺ ǡ ǡ Ǥ Ǥ Ǥ ǡ ሻ ൌ σ ሺ ሻ  
:KHUH :LLVWKHZHLJKWDJHDVVLJQHGWRWKHDWWULEXWH L DQGWKHVXPRIWKHZHLJKWDJHVIRUDOODWWULEXWHVLVHTXDOWR
,IWKHFRPSRVLWHPHDVXUHWKHRYHUDOOXWLOLW\LV WREH PD[LPL]HGWKHTXDOLW\FKDUDFWHULVWLFVFRQVLGHUHGIRUHYDOXDWLRQ
RIXWLOLW\ZLOODXWRPDWLFDOO\EHRSWLPL]HGPD[LPL]HGRUPLQLPL]HGZKDWVRHYHUWKHFDVHPD\EH
$W ILUVW SUHIHUHQFH VFDOHIRUHDFKTXDOLW\FKDUDFWHULVWLFLVFRQVWUXFWHG7RGHWHUPLQHWKHXWLOLW\YDOXHIRUDQXPEHU




ൌ ሺ Ȁ ሻ
:KHUH [L DQ\YDOXHRITXDOLW\FKDUDFWHULVWLF




ൌ ሺ כȀ ሻ
7KHYDOXHRI $ FDQEHGHWHUPLQHGIURPWKHDERYH HTXDWLRQ7KLV YDOXHRI$FDQEHXVHGWRFRQVWUXFWSUHIHUHQFH
VFDOHE\XVLQJHTXDWLRQ
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7KH QH[W VWHS LV WR DVVLJQ ZHLJKWV RU UHODWLYH LPSRUWDQFH WR WKH TXDOLW\ FKDUDFWHULVWLFV 7KLV DVVLJQPHQW LV





:KHUH M  SURGXFWLQGH[
 5HVXOWV DQGGLVFXVVLRQV
7KHH[SHULPHQWDOUHVXOWVDQG61UDWLRV IRUPDWHULDOUHPRYDOUDWHVXUIDFHURXJKQHVVDQGGLPHQVLRQDOGHYLDWLRQ
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%HVWOHYHO 9DOXH %HVWOHYHO 9DOXH %HVWOHYHO 9DOXH
 3XOVHRQ7LPH ȝV      
 3XOVHRIIWLPH ȝV      
 6HUYRYROWDJH9      
 'LHOHFWULFSUHVVXUH.JFP      
 :LUHIHHGPPLQ      
 :LUHWHQVLRQ1      
 $QDO\VLVRIPXOWLSOHUHVSRQVHFKDUDFWHULVWLFVE\XVLQJ 8WLOLW\ )XQFWLRQ
7KHSUHIHUHQFHVFDOH DQG XWLOLW\ YDOXHRIHDFKH[SHULPHQWLV FDOFXODWHG E\XVLQJWKHHTXDWLRQVPHQWLRQHGLQVHFWLRQ
;LLV VHOHFWHG DV  DQG  IRU05565DQG'' UHVSHFWLYHO\)RU WDNLQJ WKHVH YDOXHV LW LV DVVXPHG WKDW DOO
REVHUYHGYDOXHVRI055DUHJUHDWHUWKDQPPPLQ OHVVWKDQ P IRU65 DQGOHVVWKDQ  IRU'' 7KH FXVWRPHU
UHTXLUHPHQWVDQGSULRULWLHVZHUHWDNHQ LQWRFRQVLGHUDWLRQZKLOHGHFLGLQJWKHZHLJKWVRISHUIRUPDQFH FKDUDFWHULVWLFV
+HUH WKUHHFKDUDFWHULVWLFVDUHFRQVLGHUHGDVHTXDOO\LPSRUWDQW
LH :055 :65 :''  





61GDWDDUHJLYHQ LQ7DEOHV ,W LVVHHQ WKDWSXOVHRQ WLPH$SXOVHRII WLPH%VHUYRYROWDJH&DQGZDWHU
SUHVVXUH ' VLJQLILFDQWO\DIIHFWERWKPHDQRI XWLOLW\YDOXHVDQG61 UDWLRV VLQFHDOO WKHVHSURFHVVSDUDPHWHUVDUH
VLJQLILFDQW DWFRQILGHQFHLQWHUYDOLQERWKWKH$129$V)URP7DEOHDQGLWFDQEHVHHQWKDWSXOVHRQWLPH
LV WKH PRVW VLJQLILFDQW SDUDPHWHU LQ DIIHFWLQJ XWLOLW\ IXQFWLRQ IRU055 65 DQG '' 7KLV LV IROORZHG E\ ZDWHU
SUHVVXUHSXOVHRIIWLPHVHUYRYROWDJHZLUHWHQVLRQDQGZLUHIHHGLQWKDWRUGHU
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7KH$129$IRUUDZGDWDLQGLFDWHWKDWWKHSURFHVVSDUDPHWHUVVXFKDVSXOVHRQ WLPHSXOVH RII WLPHVHUYR
YROWDJHDQGZDWHUSUHVVXUHDUHVLJQLILFDQWDWFRQILGHQFHLQWHUYDO
6RSUHGLFWHGXWLOLW\YDOXHZLOOEH
ȝXWLOLW\  $%&'7  ;  
7LVWKHDYHUDJHRI XWLOLW\YDOXHV FRUUHVSRQGLQJWRDOOWKHUHDGLQJV
&RQILUPDWLRQH[SHULPHQW ZDV FRQGXFWHGDWWKHRSWLPXPVHWWLQJVRISURFHVVSDUDPHWHUV7KHRXWSXWFKDUDFWHULVWLFVDW
WKLV FRPELQDWLRQ RI LQSXW SDUDPHWHUV DUH 055 LV  PPPLQ 65 LV ȝP DQG'' LV%\ XVLQJ WKH
SURFHGXUH RI 8WLOLW\ FRQFHSW IRU WKH YDOXHV PHQWLRQHG DERYH WKH 8WLOLW\ YDOXH REWDLQHG LV 7KH RSWLPXP
FRQGLWLRQVE\XVLQJ 8WLOLW\DSSURDFKLVWDEXODWHGLQ WDEOH
7DEOH2SWLPXPFRQGLWLRQVXVLQJ 8WLOLW\DSSURDFK
6O1R 3URFHVV3DUDPHWHU %HVWOHYHO 9DOXH
 3XOVHRQ7LPH ȝƐ  
 3XOVHRIIWLPH ȝƐ  
 6HUYRYROWDJH9  
 'LHOHFWULFSUHVVXUH.JFP  
 :LUHIHHGPPLQ  
 :LUHWHQVLRQ1  
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 &RQFOXVLRQV
7KLVSDSHUKDVSUHVHQWHGH[SHULPHQWDOVWXGLHVRQPXOWLREMHFWLYHRSWLPLVDWLRQRISURFHVVSDUDPHWHUVRQ:('0
RI$,6,6WDLQOHVVVWHHOXVLQJ7DJXFKL ±8WLOLW\ DSSURDFK7KH FRQFOXVLRQVRIWKLVSUHVHQWVWXG\DUH
x 7KH RSWLPXPSURFHVVSDUDPHWHUVZKLFK SURYLGH PD[LPXPYDOXHRI055 DUH WKLUGOHYHORISXOVHRQ
WLPH$ ILUVW OHYHORISXOVHRII WLPH%VHFRQG OHYHORIVHUYRYROWDJH& WKLUG OHYHORIZDWHU
SUHVVXUH'WKLUGOHYHORIZLUHIHHG(DQGWKLUGOHYHORIZLUHWHQVLRQ)
x 7KHRSWLPXPSURFHVV SDUDPHWHUVZKLFK SURYLGH PLQLPXPYDOXHRIVXUIDFHURXJKQHVV DUH ILUVWOHYHORI
SXOVHRQWLPH$WKLUGOHYHORISXOVHRIIWLPH%WKLUGOHYHORIVHUYRYROWDJH&WKLUGOHYHORI
ZDWHUSUHVVXUH'ILUVWOHYHORIZLUHIHHG(DQGILUVWOHYHORI ZLUHWHQVLRQ)
x 7KH RSWLPXP SURFHVV SDUDPHWHUV ZKLFK SURYLGH PLQLPXP YDOXH RI GLPHQVLRQDO GHYLDWLRQ DUH ILUVW
OHYHORISXOVHRQWLPH$ WKLUGOHYHORISXOVHRII WLPH%ILUVW OHYHORIVHUYRYROWDJH& WKLUG
OHYHORIZDWHUSUHVVXUH'ILUVWOHYHORIZLUHIHHG(DQGWKLUGOHYHORIZLUHWHQVLRQ)
x 2SWLPXP FRPELQDWLRQ RI SURFHVV SDUDPHWHUV IRU PXOWLSOH SHUIRUPDQFH FKDUDFWHULVWLFV XVLQJ 8WLOLW\
DSSURDFK LV ZLWK SXOVHRQWLPH OHYHO$SXOVHRIIWLPHOHYHO%VHUYRYROWDJH OHYHO& ZDWHU
SUHVVXUH OHYHO'ZLUHIHHG OHYHO( DQGZLUHWHQVLRQOHYHO)
x )URP WKH $129$ DQDO\VLV LW LV IRXQG WKDW DOO SDUDPHWHUV H[FHSW ZLUH IHHG DQG ZLUH WHQVLRQ
VLJQLILFDQWO\DIIHFWVWKH XWLOLW\IXQFWLRQIRU05565DQG'' $PRQJWKH VLJQLILFDQWSDUDPHWHUVSXOVH
RQWLPHSRVHVPD[LPXPLPSDFWRQXWLOLW\IXQFWLRQ
5HIHUHQFHV
$PLQROODK0RKDPPDGLDQG$OLUH]D)DGDHL7HKUDQL 6WDWLVWLFDODQDO\VLVRIZLUHHOHFWULFDOGLVFKDUJH WXUQLQJRQPDWHULDO UHPRYDO UDWH´
-RXUQDORI0DWHULDOV 3URFHVVLQJ7HFKQRORJ\












/LDR<6 <X <3 6WXG\ RI VSHFLILF GLVFKDUJH HQHUJ\ LQ :('0 DQG LWV DSSOLFDWLRQ ,QWHUQDWLRQDO -RXUQDO RI 0DFKLQH 7RROV 	
0DQXIDFWXUH ±
0LOOHU 6 ) 6KLK$ -4X -  ,QYHVWLJDWLRQ RI WKH VSDUN F\FOH RQPDWHULDO   UHPRYDO UDWH LQZLUH HOHFWULFDO GLVFKDUJHPDFKLQLQJ RI
DGYDQFHGPDWHULDOV ,QWHUQDWLRQDO-RXUQDORI0DFKLQH7RROV	0DQXIDFWXUH±
3XUL$% %KDWWDFKDU\\D %  $Q DQDO\VLV DQG RSWLPL]DWLRQ RI WKH JHRPHWULFDO LQDFFXUDF\ GXH WR ZLUH ODJ SKHQRPHQRQ LQ
:('0,QWHUQDWLRQDO -RXUQDORI0DFKLQH7RROV	0DQXIDFWXUH±




5DPDNULVKQDQ5 DQG .DUXQDPRRUWK\/ 0RGHOLQJ DQG PXOWLUHVSRQVH 2SWLPL]DWLRQ RI ,QFRQHO  RQ PDFKLQLQJ RI &1& :('0
SURFHVV´ -RXUQDORI0DWHULDOV3URFHVVLQJ7HFKQRORJ\±
5RKLW*DUJ(IIHFWRISURFHVV SDUDPHWHUVRQSHUIRUPDQFHPHDVXUHVRIZLUHHOHFWULFDOGLVFKDUJHPDFKLQLQJ3K'WKHVLV
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